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MALNUTRITION AND PELLAGRA IN SOUTH AFRICA 


In reviewing the gravity of malnutrition 
in South Africa, it is necessary to provide 
some perspective on the composition of 
the population and the socio-economic 
status of the various racial groups. 

When the first Dutch settlers came into 
contact with African tribes, in the last quar- 
ter of the eighteenth century, they found a 
virile people, herding cattle, growing grain, 
and hunting game. To retain their land 
and independence, the tribesmen fought the 
white man for over a hundred years. The 
social and economic life of the black people 
gradually became disorganized and vast 
numbers had to depend for their livelihood 
on the industrial and agricultural enterprise 
of the white settlers. 

According to the census of 1942, the pop- 
ulation of 10,708,000 consists of 2,230,000 
Europeans (white people) and 8,478,500 non- 
Europeans. The latter comprises 7,377,300 
Africans (also variously known as Bantu, 
Natives, Negroes, or Kaffirs), 859,200 Col- 
oureds (mixed), and 242,000 Asiatics. Ap- 
proximately 3,000,000 Africans are segre- 
gated in native territories or reserves. 

The diets of the Africans and Coloureds 
have been surveyed by a number of investi- 
gators over the past decade. From the 
Transkei, J. H. Dugard, Inspector of 
Schools, reported that of 11,000 schoolchil- 
dren, 84 per cent have only one meal a day; 
14.9 per cent have two meals, and 0.6 per 
cent have three meals. All eat maize in one 
form or other; 39 per cent had milk in season ; 
8.5 per cent eat green vegetables; and 8.0 
per cent eat pumpkin (South African Med../. 
19, 412 (1945)). 

In the towns the diet is also deficient in 
quantity and quality, lacking animal pro- 
teins, fats, calories, vitamins, and salts with 
maize as the main staple of the diet (F. W. 
Fox and M. Janisch, “A Study of African 
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Income and Expenditure in 987 Families in 
Johannesburg,” Non-European Affairs De- 
partment, City of Johannesburg). 

It is not entirely unexpected that over the 
past decade the several surveys amongst 
various sections of the population have dis- 
closed the prevalence of gross malnutrition. 
According to data collected from the Trans- 
kei the infantile mortality rate is very high. 
Of 1426 children born alive 36.4 per cent 
died before the age of 2 years and 46.1 per 
cent before the age of 16 years (M. Me- 
Gregor, South African Med. J. 18, 132 
(1944)). F. W. Fox (Ibid. 8, 3 (1934); 10, 
25 (1936); 13, 87 (1939)) reported the mean 
death rate for African infants in the Cis- 
kei, Transkei, and Basutoland to be 242 per 
1000 live births under the age of 1 year, 327 
under the age of 2 years, while 508 of every 
1000 born alive in the reserves are dead 
before the age of I8 years. The birth weight 
of black babies is ? lb. on an average less 
than that of white babies in Johannesburg 
(O.S. Heynsand $8. 8. Hersch, South African 
J. Med. Sci. 9, 83 (1944)) while the onset of 
puberty in girls is significantly delayed (FE. 
Kark, /bid. 8, 35 (1943)). A broad survey 
carried out by the Public Health Department 
in 1938 showed that approximately one third 
of European children aged 6 to 16 years are 
malnourished, with 40.3 per cent incidence 
in boys. The Cape Nutrition survey fur- 
ther revealed the seriousness of malnutri- 
tion seen amongst the Europeans. For ex- 
ample, in one European School in Cape 
Town, 47.5 per cent of the children were 
found to be in normal health and nutrition. 
The same survey established that fewer than 
43 per cent of the Cape Coloured children 
were in normal health and nutrition (J. F. 
Brock and J. M. Latsky, South African Med. 
J. 16, 255 (1942); J. F. Brock, /bid. 17, 219 
(1943)). In 7000 African (Negro) children 
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the incidence of malnutrition was 71 per 
cent. Kark and le Riche who surveyed 
these African children drew attention to the 
hyperpigmentation over the bony promi- 
nences, phrynoderma, the dry lusterless skin, 
and gross stunting and deformities of the 
skeleton (S. L. Kark, South African J. Med. 
Sct. 8, 106 (1943); 8. L. Kark and H. le 
Riche, Manpower 3, 2 (1944); H. le Riche, 
“Physique and Nutrition,” South African 
Council Education and Secial Research Series 
13, Van Schalk, Pretoria (1940)). Subse- 
quently le Riche with a team of medical 
students surveyed a large African (Negro) 
community six miles from the center of Johan- 
nesburg. le Riche concluded that 50.6 per 
cent of these children were in need of nursing 
and medical attention while 9.7 per cert 
attending school required hospitalization (H. 
le Riche, ‘‘Health Survey of African Children 
in Alexandra Township,”’ Witwatersrand Uni- 
versity Press (1943)). 

One of the commonest nutritional syn- 
dromes now seen in this country is pellagra. 
Almost unknown forty years ago, this dis- 
ease is now endemic in Johannesburg, in the 
Transkei, and other parts of the country. 
The first full historical analysis of pellagra 
in South Africa was made by E. H. Cluver 
(Brit. Med. J. 2, 751 (1929)) in a description 
of an epidemic in a prison in Durban. 
Thereafter sporadic cases were described 
from different parts of the country particu- 
larly in maize-eating areas. Pellagra is 
absent from the wheat growing areas of the 
Cape Province. During the years 1942 to 


' 1945 more than 2000 cases came to the 


hospital in Johannesburg for treatment. 
Our own surveys reveal that over the past 
four years not less than 4000 cases of pella- 
gra have been recognized. By collating the 
statistics during our own investigations we 
have again noticed a marked seasonal 
incidence of this disease in South Africa as 
other countries have reported. In Johan- 
nesburg the maximum incidence occurs 
duing November to December with a 
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secondary but minor peak during March 
and April. 

Amongst infants the malnutritional 
syndrome characterized by edema, 
dermatosis, graying of the hair, severe 
alopecia, steatorrhea, an intensely fatty 
liver with a mortality rate as high as 60 per 
cept in some years. The fatty liver was 
shown by biopsy to appear early in the 
disease (T. Gillman and J. Gillman, Arch. [nt. 
Med. 76, 63 (1945); J. Am. Med. Assn. 129, 
12 (1945)). From a survey not yet pub- 
lished we have shown that despite our sunny 
climate at least 50 per cent of infants under 
2 vears of age, dying from all causes, have 
rickets. In adults we have drawn attention 
to the high incidence of liver disease in 
pellagrins admitted to hospitals, as estab- 
lished by liver biopsy. In 12.5 per cent of 
‘vases the livers were cirrhotic and nearly 
30 per cent precirrhotic. The high in- 
cidence of cytosiderosis with or without 
cirrhosis has been the subject of much 
attention (T. Gillman and J. Gillman, 
South African J. Med. Sci. 10, 53 (1945); 
Arch. Path. 40, 239 (1935); J. Gillman, 
T. Gillman, and 8. Brenner, South African 
J. Med. Sci. 10, 67 (1945); J. Gillman, 
J. Mandelstam, and T. Gillman (/bid. 10, 
109 (1945)). Subsequent studies revealed 
firstly the appearance of a porphyrin 
fluorescence during the acute stages of the 
disease and this could be intensified by 
exposure to ultraviolet light; secondly, 
there are at least two stages of the disease 
(J. Gillman and T. Gillman, Gastroente ology 
8, 19 (1947)); and thirdly, cytosiderosis and 
cirrhosis are not necessarily related causally. 

Extending this survey of liver disease 
to the general population we have shown 
that in Africans dying from accidents sus- 
tained in industry and elsewhere and, 
presumably in good health at the time of 
the accident, the incidence of liver disease 
was 70 per cent with 9.4 per cent of individ- 
uals suffering from cirrhosis. Cirrhosis 


occurs ten years earlier in African pellagrins 
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than in Africans in the general population 
and in the latter, ten to twenty years earlier 
than in Europeans. Moreover, the fatty 
liver in adult Europeans is commoner than 
in adult Africans. In this connection, too, 
we may add that the excellent work of C. 
Berman (South African J. Med. Sci. 1, 12 
(1935); 8, 54, 92 (1940); 6, 11, 145 (1941)) 
demonstrated that primary carcinoma of the 
liver accounts for 90 per cent of all car- 
cinomas in young male subjects on the Gold 
Mines. 

In attempting to ascertain the relation 
between diet and liver disease it was shown 
that by feeding rats with maize meal and 
fermented milk types of liver 
damage including cirrhosis were induced 
together with cystic fibrosis of the pancreas 
(C. Gilbert et al., South African J. Med. 
Set. 8, 148 (1943); J. Gillman, Brit. Med. 
J. 1, 149 (1944); J. Gillman, T. Gillman, 
J. Mandelstam, and C. Gilbert, Brit. J. 
Exp. Path. 26, 67 (1945)). Fatal diarrhea 
associated with necrosis of the large gut 


various 
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and adrenal hemorrhage were reported in 
baboons and monkeys (J. Gillman ef al., 
South African J. Sei. 41, 288 (1945)). 

In this brief review we cannot refer to the 
possible significance of malnutrition in 
determining the low incidence of peptic 
ulcer, hyperthyroidism, prostatic enlarge- 
ment, and urmary and biliary caleuli, 
diabetes, and of facilitating the premature 
hypertension, and 
sclerosis in Africans. We may conclude by 
adding that material is available in abun- 
dance in South Africa and much light could 
be shed on the etiology of many diseases 


senescence, arterlo- 


including primary carcinoma of the liver 
and hemochromatosis. If these problems 
were resolved at least it could be said that 
the millions of malnourished people in this 


country have not entirely suffered in vain 


JoserH GILLMAN 
THEODORE GILLMAN 
Vedical NSehool 


Johanne shurq. 


PRESENT KNOWLEDGE OF BIOTIN IN NUTRITION 


Biotin was named by F. Koégl and B. 
Tonnis (Z. f. physiol. Chem. 242, 43 (1936)) 
after its isolation from dried egg yolk as a 
potent yeast growth factor. A few years 
later the Rhizobium growth factor, 
coenzyme R, was concluded to be identical 
with biotin. Finally, the vitamin H_ of 
called the anti-egg white 
injury factor, was in 1940 likewise recog- 
nized as the same substance. 

The need for biotin in animal nutrition 
was indicated by the experiments of M. 
(Biochem. J. 21, 712 (1927)) who 
observed the production of dermatitis, loss 


Gyorgy, also 


Boas 


of hair, and loss of muscular control in rats 
fed raw dried egg white as the source of 
protein, and further that certain foods 
contained a protective factor against the 


egg white injury. The inclusion of raw egg 


white in the diet remains the best method ot 
producing an acute biotin deficiency in a 
variety of animals. As now well recognized, 
raw egg white contains the protein avidin, 
which combines with biotin to prevent its 
absorption. 

There is no quantitative requirement ot 
biotin recognized, and such would be difficult 
to establish since it is known that a larg 
portion of the biotin supplied to the anima! 
is synthesized by its own intestinal bacteria. 
Careful balance studies have been made in 
man by T. W. Oppel (see Nutrition Reviews 
1, 199 (1943)). In the 
urinary excretion of biotin exceeded that in 
the diet, and in all cases the biotin in the 
feces was considerably greater than the 
dietary intake. 


some subjects 


The total biotin excretion 


amounted in general to from three to six 
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times the intake. Thus it has been con- 
cluded that intestinal bacteria synthesize 
much of the biotin requirement, and this 
conclusion is substantiated by the finding of 
several workers that sulfonamides produce 
biotin deficiency (Jbid. 2, 221 (1944)). The 
wide distribution cf biotin in foods and its 
biosynthesis make it difficult to produce 
biotin deficiency by dietary means. Never- 
theless, L. R. Richardson, A. G. Hogan, and 
O. N. Miller (Univ. Mo. Res. Bull. 348 
(1942)) produced the perosis of biotin 
deficiency in chicks on a highly purified 
diet, and a chronic biotin deficiency in 
monkeys has been produced by a purified 
diet (H. A. Waisman, Kk. B. MeCall, and 
C. A. Elvehjem, J. Nutrition 29, 1 (1945)). 
Possibly even these deficiencies can be 
attributed more to a change in intestinal 
flora with the purified diets than to the 
low biotin content of the diet. 

In most animals the symptoms of biotin 
deficiency include a dermatitis and loss of 
hair. The skin lesions resemble to some 
extent the acrodynia and ‘pink disease” 
(G. M. Findlay and R. O. Stern, Arch. Dis. 
Childhood 4, 1 (1929)) of children, and this 
condition was suggested as bearing a relation 
to “egg white injury.”” This view may have 
some support in their observation that 
suckling animals developed the dermatitis 
condition when the mother was given the 
raw egg white diet. As for biotin deficiency 
in man there is the report of V. P. Syden- 
stricker and co-workers (see Nutrition Re- 
views 1, 18 (1942)) that 4 subjects placed on 
a refined food diet and a high level of dehy- 
drated egg white, developed a dermatitis 
and skin color changes as early as four to 
seven weeks. Nervous symptoms, tongue 
lesions, and electrocardiographic changes 
also developed, which although resembling 
other B-complex — deficiencies, 
seemed to be due to the lack of biotin. 
Urinary excretion of biotin decreased from 
a normal of 29 to 62 micrograms to 3.5 to 
7.3. micrograms. 


vitamin 


A concentrate of biotin 
brought about prompt relief of the symp- 
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toms. These results do not seem to have 
been confirmed. Although the circum- 
stances of the experiments and the diets 
were different, C. P. Rhoads and J. C. Abels 
(J. Am. Med. Assn. 121, 1261 (1943)) and 
I. I. Kaplan (Am. J. Med. Sci. 207, 733 
(1944)) have been unable to produce the 
symptoms of biotin deficiency in human 
subjects by egg white or avidin concentrate 
feeding. In the first study the special 
diet was continued for thirty weeks, but 
the urinary excretion of biotin did not fall 
to nearly the low levels observed by Syden- 
stricker and co-workers. No urinary ex- 
cretions were reported in the second study. 
If the urimary excretion data are a valid 
index of the degree of bictin deficiency, 
possibly neither of the latter experiments 
attained the same degree of deficiency as 
was produced by Sydenstricker and 
colleagues. 

At least it seems doubtful whether any 
but the most extreme dietary regimen 
would result in dietary deficiency in man. 
Biotin is widely distributed in the natural 
foods, being especially prevalent in liver, 
molasses, and milk, but in fair quantity in 
meats and most vegetables assayed (V. H. 
Cheldelin, A. M. Woods, and R. J. Williams, 
J. Nutrition 26, 477 (1943)). 

There has been a special interest in the 
possible relation of biotin to cancer. It 
has been suggested that tumors may have 
an exceptional requirement for biotin, since 
diets which protect rats from butter yellow 
hepatomas lose their effectiveness when 
biotin is added (V. du Vigneaud ef al., 
Science 95, 174 (1942)). Experimental skin 
tumors have been found to be abnormally 
high in biotin, and liver carcinomas abnor- 
mally low (Nutrition Reviews 1, 51 (1942)), 
and of several B-vitamins tested, the biotin 
content of skin decreased promptly after 


methvicholanthrene painting. However, 


attempts to alleviate cancer by producing : 
biotin deficiency have met with little or no 
success (Ibid. 1, 280 (1942); 2, 345 (1943)). 

Other possible relations of biotin to 
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disease may be mentioned. It has been 
reported that biotin deficiency leads to 
decreased resistance to malarial parasite 
invasion (Nutrition Reviews 1, 298, 362 
(1942)) and to Salmonella infections (/bid. 
4, 234 (1946)). The so-called “biotin 
fatty iver,” produced by administration of 
biotin when rats are maintained on a low 
protein-low vitamin B-complex diet, has 
lost most of its specific inferences. ‘The 
apparent resistance of this fatty liver to 
choline has been refuted, and the biotin 
effect may be due largely to. increased food 
intake and the concomitant choline and 
inositol need (see [bid. 4, 246, 349 (1946)). 
The ascending paralysis of dogs maintained 
on a purified diet, once claimed to be due to 
biotin deficiency, has been shown to involve 
primarily a potassium deficiency, but an 
interrelation of the two substances is still 
indicated ([bid. 4, 244 (1946);5, 216 (1947)). 

Certain 
biotin have been prepared. 


analogues of 
Desthiobiotin, 
a degradation product of biotin, free of 
sulfur, has been shown to have the same 
activity as biotin for veast growth, but in 
organisms that cannot utilize desthiobiotin, 
the latter antimetabolite in 
depressing growth (Nutrition Reviews 2, 
274 (1944)). Other partially active biotin 
derivatives and antibiotins have been re- 
ported (Ibid. 3, 36 (1945); 4, 159 (1946); 
6, 231 (1947)). 

The most recent and rapidly advancing 
development in biotin studies involves its 
role in metabolism. The older observation 
of W. H. Summerson, J. M. Lee, and C. W. 
H. Partridge (Science 100, 250 (1944)) that 
biotin is concerned in the oxidation of 
pyruvate and lactate has been narrowed 
down to a function in 


derivatives and 


acts as an 


carbon dioxide 


fixation, by which pyruvate is converted to 
Although it had been recog- 


oxalacetate. 
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nized that aspartic acid (the transamination 
product of oxalacetate) in bacterial culture 
mediums spared the need for biotin, it 
remained for H. A. Lardy, R. L. Potter, 
and C. A. Elvehjem (J. Biol. Chem. 169, 451 
(1947); Nutrition Reviews 5, 346 (1947) 
to connect the biotin function with carbon 
dioxide fixation. They noted that oxalace- 
tate as well as aspartic acid spared biotin 
needs for Lactobacillus arabinosus, and 
further that carbon dioxide greatly stimu- 
lated growth in the presence, but not in the 
biotin. The 
biotin was advanced by W. Shive and L. L. 
Rogers (J. Biol. Chem. 169, 453 (1947)) who 
demonstrated that oxalacetate (or aspartic 
acid) compensated for the depression of 
bacterial growth caused by a biotin anti- 
metabolite. Even more recently, H. C. 
Lichstein and W. W. Umbreit (//id. 170, 
329 (1947)) have demonstrated the need for 
biotin in the decarboxylation of oxalacetate, 
and 8. Ochoa and co-workers (/bid. 170, 413 
(1947)) have found that the liver enzyme 
causing oxalacetate decarboxylation is de- 
creased in biotin deficient turkeys. In the 
latter work, it is not clear whether the biotin 


absence, of same role for 


actually functions as a coenzyme or is simply 
necessary for synthesis of the enzyme, since 
the purified enzyme did not appear to con- 
tain biotin. Since the test for biotin is 
microbiologic, it is possible however that 
biotin is present in a combined form which 
This 
possibility has a precedent in Lipmann’s 


does not stimulate bacterial growth. 


coacetylase which contains pantothenic acid. 
A second role for biotin has already been 
suggested by H. C. Lichstein and W. W. 
Umbreit (Jbid. 170, 423 (1947)) involving 
system with the 
acids, 


the enzyme concerned 


deamination of certain amino 


including aspartic acid. 
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an extensive scientific review. Since the reviews as originally prepared by a member 
of the Editorial Staff are frequently modified by special referees and may be further 
modified by the Editorial Office in preparing final copy for the press, the Editorial 
Committee feels that it is preferable not to affix the names of Editorial Staff 
members to individual reviews. There is thusa high degree of group responsibility 
on the part of the Editor and Assistant Editors. 

Signed articles do not necessarily represent the opinion of the Editorial Staff. 
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